This study investigates the determining factors of the successful adoption of e-business by small and medium enterprises (SMEs) in Korea using survey data. After the major determining factors were identified from the innovation adoption literature and were extracted by applying the principal component analysis to the survey data and by adding the country-specific characteristics of Korea, we conducted empirical analyses to determine the critical success factors for the adoption of e-business by Korean firms. The empirical results which are based on t-tests of the differences between adopters and non-adopters, the linear probability model, and the logit model, all suggest that the important determinants of the successful adoption of e-business by SMEs in Korea are: the CEO's knowledge of information technology (IT)/e-business, relative advantages and benefits from implementing e-business, governmental support, globalization strategy and the North Korean factor. Business size, the cost of e-business adoption and competitive pressure of the industry do not seem to play an important role in the adoption of e-business by Korean SMEs. The policy implications of this study on promoting e-business adoption by SMEs in emerging economies, such as Korea, are also discussed.
and dotcom start-ups alike, the available empirical evidence on the major determinants of e-business adoption by Korea's SMEs is scant in the literature. 1 We aim to fill this gap by investigating the association of the major determining factors with the successful adoption of e-business by Korean SMEs, using recent survey data for Korea. This study also derives various policy implications regarding the enhancement of the successful adoption of e-business by SMEs in emerging economies, such as Korea.
The recent Internet boom in Korea has been receiving enormous attention from the international business community and the news media. Korea was praised as a regional leader of the new economy and dotcoms in Asia, with an advanced infrastructure and a high rate of internet users.
2 Although chaebols, large conglomerates, have played a large role in the recent Internet boom and e-business development in Korea, SMEs in Korea have also actively participated in applying and expanding e-business to their business practices to survive or prosper in the knowledge-based economy. The Korean SMEs that adopted the Internet e-business paradigm have benefited with a more level playing field, thanks to the Internet and other innovations, as well as a growing market share, all providing a new opportunity for a competitive advantage over large companies. 3 However, the reality is that many SMEs in Korea have not been successful in exploiting these potential opportunities, despite intensified efforts by the government and the business community in Korea. Small firms are often weak in terms of financing, control, training, planning and information, due to a chronic lack of human and financial resources (Blili and Raymond, 1993) . According to a recent survey conducted by the Small and Medium Business Administration (SMBA) in Korea, only about half of the SMEs in Korea (small firms 44.8%, medium sized firms 54.2%) among 200 SMEs surveyed have adopted e-business as of 1999. Various reasons have been identified in similar studies. A recent report by the OECD, for example, listed some of the major barriers for SMEs in emerging economies, including Korea, to adopt e-business, such as a lack of awareness of the positive impact and benefits of e-business, lack of skills and experts, limited financial resources, fixed costs associated with e-business implementation, and concerns about Internet security (OECD, 1999) . 4 The Korean-style transaction formula, subcontracting structures, and the CEO's lackluster innovativeness have also been mentioned often as obstacles to the full-fledged introduction of e-business, especially for activating B2B (businessto-business) e-business in manufacturing industry. The Korean government, with support from business circles, has encouraged IT business, slashed red tape for Internet start-ups, and adopted specific action plans for accelerating the adoption of e-business by SMEs in Korea. For example, the e-Commerce Resource Center (ECRC) was recently established to train e-business experts, provide technical assistance and conduct consulting services for SMEs.
A crucial prerequisite to launching effective strategies for developing and expanding e-business for SMEs is to identify the key determinants of successful e-business adoption decisions by SMEs. The paper is organized as follows. Section II identifies a variety of determining factors from the existing literature and adds several country-specific characteristics of Korea. Section III describes our survey data and methodology to extract determining factors. In Section IV, we present the results of empirical analyses based on t-tests, the linear probability model and the logit model. Section V concludes the paper and discusses policy implications.
II. Factors Affecting the Adoption of E-Business
There are many definitions of e-business. For the purposes of conducting our questionnaire survey, we adopted the definition of e-business as the range of online business activities for products and services, both business-to-business (B2B) and businessto-consumer (B2C), through the Internet. 5 E-business is, first of all, an important form of technology innovation which is both process-oriented, and a new way for SMEs to do business. According to the literature on technological innovation, several variables have been identified as possible determinants of the adoption of an innovation. Kimberly and Evanisko (1981) identified three predictors of innovation adoption: CEO characteristics, organizational characteristics and environmental characteristics. Tornatzky and Fleischer (1990) listed three factors influencing the technological innovation decision: the organizational factor, technological factor and environmental factor. Thong (1999) identified four variables for information systems (IS) adoption from the technological innovation literature: CEO characteristics, IS characteristics, organizational characteristics and environmental characteristics. As major innovation characteristics affecting the decision on the implementation of electronic data interchange (EDI) by small firms, Premkumar et al. (1994) used five factors: complexity, compatibility, costs, relative advantages and communicability. E-business is also an interorganizational system innovation. Customer-based interorganizational systems (CIOS) literature has identified several factors facilitating the adoption decision of a CIOS. Grover (1993) , for example, used five factors in predicting the adoption of CIOS: the organizational factor, policy factor, environmental factor, information systems (IS) factor and support factor.
Based on the technology innovation literature and interorganizational system innovation literature, this study adopts four groups of characteristics affecting e-business adoption decision: CEO characteristics, e-business characteristics, organizational characteristics and environmental characteristics. Each of these four characteristics consists of several sub-factors. CEO characteristics consist of two sub-factors: the CEO's knowledge of IT and e-business and the CEO's attitudes toward innovation (Harrison et al., 1997) . E-business characteristics reflect three aspects for implementing e-business operations: the compatibility/complexity issue, the relative advantages and benefits issue, and the adoption costs issue (Thong, 1999) . Organizational characteristics cover two subfactors: employees' knowledge of IT and e-business technology and business size. Among many variables, we consider industry competition, governmental support and the firm's globalization orientation to be the most important sub-factors in the environmental characteristics for SMEs in emerging economies, such as Korea (Child et al., 2003) .
In addition, we include country-specific characteristics of Korea which are believed to have affected e-business adoption decisions by SMEs in Korea. The most significant and contemporary economic and political issues influencing e-business adoption decisions by SMEs 
III. Survey Design and Pre-tests on Data
After conducting a pilot study in which 30 CEOs of SMEs in Korea participated, an eight-page questionnaire containing a total of 68 questions on firmspecific information and factors affecting e-business adoption decisions, based on the face-to-face interviews and literature review, was prepared. The questionnaires were mailed to the CEO of each of the 1200 Korean SMEs in the survey sample, which were selected from the SME database available from the Small and Medium Business Administration (SMBA) in Seoul, Korea. We employed the definition of an SME from the definitions adopted by the SMBA. For example, in the case of the manufacturing industry, the number of employees should not exceed 300, the fixed assets of the business should be smaller than 70 billion Korean won (approximately $58.3 million at the exchange rate of 1200 won per dollar), and the annual sales of the business should be smaller than 8 billion won ($6.7 million). Notes: a All variables were measured on 1 to 5 scale. High scores mean very important, abundant, large and strong, while low scores mean very unimportant, scarce, small and weak. Some measurements, such as business size and governmental support for e-business, are based on scales with specific ranges. b A low score means low compatibility and high complexity. c A low score means the high burden of adoption costs. transportation, 14%; and finance and banking, 5%. Of the responding samples, 110 SMEs, or 53.9%, had adopted e-business as of the time when the survey was conducted.
7 More than 75% of the sample SMEs from the service industry and the finance and banking industry adopted e-business, while only 35% of the surveyed SMEs from the manufacturing industry adopted e-business. Almost three-quarters of the respondents, or 74%, came from Seoul, and the remainder were from other provinces in Korea.
All variables were measured on a five-point Likert type scale (1 ¼ least important, scarce and weak, 5 ¼ most important, abundant and strong), except for some open-ended questions which asked for reasons or specific examples. The specific measurement of the explanatory variables is illustrated in Table 1 . The CEO's knowledge of IT and e-business is measured using three indicators: the number of hours of PC usage by the CEO per day, the CEO's capability to use computer software, and the CEO's selfassessment of his/her level of general knowledge of IT and e-business by the CEO. The CEO's attitude towards innovation is measured using two indicators: the CEO's eagerness to acquire relevant information and skills on e-business and the extent to which the CEO feels an urgency for PC training programmes for employees. We measure employees' IT/e-business knowledge by colleting two indicators: the number of internal experts on e-business in the firm and the level of internal expertise in handling PC software relevant to e-business transactions by the firm. Compatibility is measured by the degree to which e-business is perceived to be difficult to adopt by the firm, and complexity is measured by the extent to which e-business-based transactions by the firm are perceived to be complex to perform.
We measure the relative advantages and benefits of adopting e-business using two indicators: the degree to which e-business is expected to bring better business performance and the extent to which the firm's business is to be covered by e-business-based transactions when e-business is adopted. We also surveyed the CEOs to get information on the number of rival companies of the firm and get each CEO's assessment on the intensity of competition in the same industry to measure the competitive pressure of the industry on the firm. We measured government support for e-business by collecting two indicators: the amount of financial support for e-business from the government and the frequency of receiving financial support from the government for e-business adoption and implementation. The costs of e-business adoption are measured using two indicators: the degree of the cost burden of the firm adopting e-business and the relative share of costs for maintaining e-business in the total sales. We also measured the size of business by collecting information on total sales of the firm and the number of employees in the firm. See Table 1 for other measurements of the explanatory variables.
We used principal components analysis to extract factors by performing rotation using the Varimax method. A total of 10 factors were extracted from 21 effective question statements and measurements, accounting for 78.5% of the explained variance. The extracted 10 factors included: (1) two CEO characteristics -the CEO's IT/e-business knowledge and the CEO's attitude towards innovation; (2) three e-business characteristics -compatibility and complexity, relative advantage and benefits, and cost of e-business adoption; (3) two organizational characteristics -employees' IT/e-business knowledge and business size; (4) three environmental characteristics -the competitive pressure of the industry, governmental support for e-business, and the need for globalization and expanding to markets abroad by the firm.
The criterion for the inclusion of effective statements was that the factor loadings of the statement should be at least 0.5 (Fornell and Larcker, 1981) .
The principal components analysis also demonstrated a clear factor structure. Reliability analysis was next conducted to examine the internal consistency of the factor's item composition. The resulting Cronbachcoefficients were greater than 0.6 except the compatibility/complexity factor, indicating that the statements within each of the 10 factors were measuring substantially the same construct (Nunnally, 1978) . Table 1 shows specific measurements and descriptive statistics for each of the sub-factors affecting e-business adoption decisions, along with the results of the factor analysis for extracting the 7 These 110 e-business adopters were shown to have adopted varying forms of e-business. Among them, 40 companies or 36.5% adopted webpage and e-mail advertisement; 19 or 17.3% adopted B2C (business-to-consumer); 26 or 23.6% adopted B2B (business-to-business) and online-based supply-chain management (SCM); and 25 or 22.7% adopted B2C as well as B2B/SCM, which is the most extensive form of e-business adoption. Identifying the factors that contribute to the adoption of the different forms of e-business in Korea also seems to be a promising project when a sufficient number of observations become available. The authors thank an anonymous referee on this point.
number of factors and of reliability testing for the internal consistency in the measurement of composite factors.
IV. Empirical Results
Our key research question is how each of the determining factors of e-business adoption decisions is different between the SMEs which have adopted e-business (adopters) and the SMEs which have not adopted e-business (non-adopters) in Korea. A series of t-tests was conducted on the means of the two groups' measurements of various indicators for subfactors which were believed to affect e-business adoption decisions by Korean SMEs. We measured a total of 23 indicators for 12 sub-factors, which were organized into five groups of characteristics. For example, the respondent's level of (self-perceived) knowledge of IT and e-business technology was measured on a scale of one to five as one of the three indicators of the CEO's IT/e-business knowledge, which was also grouped into CEO characteristics, along with the CEO's attitudes toward innovation. Table 2 presents the results for the survey of the respondents from both the adopters' group (n ¼ 110) and the non-adopters' group (n ¼ 94). Mean score ratings, with standard deviations, of the 23 indicators are shown with the results of t-tests comparing the two different groups. As shown in the table, significant differences were found for 18 of the 23 indicators.
Adopters vs. non-adopters: t-tests
There were significant differences in 10 of the 12 factors, with the exceptions of business size and competitive pressure of the industry. In CEO characteristics, the CEO's knowledge of IT and e-business technology was significantly higher for adopters than non-adopters (t ¼ 5.96 $ 7.37; p < 0.01), and the CEO's innovativeness was also higher for e-business adopting firms, compared to non-adopters (t ¼ 5.35 and 5.64; p < 0.01). Overall, the CEO factors seem to play an essential role in e-business adoption decisions by Korean SMEs. The more knowledgeable and innovative a CEO is, the more likely the Korean small business will adopt e-business.
E-business characteristics, such as compatibility and complexity of e-business implementation in the firm, relative advantage and implementation costs were all shown to be significantly different between the two groups (t ¼ 2.02 $ 4.81; p < 0.10 $ 0.01). Higher compatibility and lesser complexity of e-business, more advantages and benefits available from e-business, and lesser burdens of e-business adoption costs to the firm all seem to increase the probability of adopting e-business by Korean SMEs.
The tests for organizational and environmental characteristics produced mixed results. The level of employees' knowledge of IT and e-business technology for adopting firms was shown to be significantly higher than that of non-adopting firms (t ¼ 6.54 $ 7.85; p < 0.01), while no significant difference in business size was found between adopters and non-adopters. In terms of environmental characteristics, government support for e-business was shown to be significantly higher for adopters, compared to non-adopters (t ¼ 3.56 $ 5.05; p < 0.01), whereas the industry competition factor turned out to be unessential for the basis of e-business adoption decisions by Korean SMEs. A firm which considers e-business to be an important global strategy for expanding into the world marketplace is more likely to adopt than a firm which does not so (t ¼ 2.29; p < 0.01).
We also investigated the impact of economic uncertainty caused by the 1997 financial crisis and the political uncertainty caused by South Korea's confrontation with North Korea on e-business adoption decisions by Korean SMEs. E-business seems to have been perceived as a viable strategic option for effective restructuring efforts during the post-1997 financial crisis period, more favourably by the e-business adopter group than the non-adopter group (mean values, 3.20 for adopters vs. 2.93 for non-adopters, with t ¼ 2.16; p < 0.05). A strategic consideration of adopting e-business in preparation of burgeoning transactions with North Korea in the near future seems to have played a role in adopting e-business by SMEs in Korea (t ¼ 1.96; p < 0.05).
Overall, two of the CEO characteristics (e-business knowledge and innovativeness), three of the e-business characteristics (compatibility/complexity, relative advantage and adoption costs), one of the organizational characteristics (employees' e-business knowledge), two of the environmental characteristics (governmental support and a strategic consideration of penetrating the global market), and country-specific factors including the ongoing process of restructuring Korean businesses after the 1997 Asian financial crisis and the North Korean factor, turned out to be the important factors to differentiate adopters and non-adopters of e-business among small and medium sized firms in Korea.
Regression analysis: the OLS model and the logit model
To further investigate the major determinants of the adoption of e-business by Korean SMEs in the multivariate context and to obtain the best predictive model of adoption, we conducted multiple regression analyses. The specification of the multiple regression model is:
where the dependent variable, Z i , is a binary choice variable of 1 or 0 for a respondent i: the value of 1 Notes: Numbers in parentheses are standard deviations. t-tests were conducted on the means of the responses by the two groups, adopters and non-adopters of e-business, under the assumption of unequal variances between the two groups when the hypotheses of equal variances were not accepted. a All variables were measured on 1 to 5 scale. High scores mean very important, abundant, large and strong, while low scores mean very unimportant, scarce, small and weak. *p < 0.10; **p < 0.05; ***p < 0.01.
for adopters of e-business, and the value of 0 for non-adopters. A vector of X i consists of the set of explanatory variables representing the determining factors of e-business adoption decisions by a firm i, which include CEO characteristics, e-business characteristics, organizational characteristics, environmental characteristics and country-specific characteristics of Korea. " i is a disturbance term.
A total of 10 composite variables of determining factors were constructed by aggregating a respondent's scores for indicators used to measure each factor, as described in Table 1 . 8 The aggregation of a total of 21 sub-factors into the 10 composite factors was statistically justified by showing internal consistency of the factor measurement with relatively higher Cronbach alpha coefficients. After examining the pattern of the respondents' reply, especially to openended questions, we decided to include two additional factors in the estimation -the 1997 financial crisis and the North Korea factor -as country-specific characteristics of contemporary Korea.
To account for the industry effect, we also included a set of industry dummy variables in the estimation: the service industry, the distribution industry, banking and finance, and others. The manufacturing industry is used as the reference industry in the regression. The category of 'others' includes the companies that are not classified in any of the four industry groups -service, manufacturing, distribution, and banking and finance -and unidentified cases.
Before conducting the multivariate regression analysis, we computed the bivariate correlation coefficients among the 12 composite factors and reported the results in Table 3 . As the table shows, there seem to be no serious threats to multicollinearity, with a maximum correlation of 0.54. The table also reports the correlation coefficients between each of the 12 composite factors and the variable for the adoption of e-business (a binary choice of 1 or 0: 1 ¼ adoption of e-business and 0 ¼ non-adoption of e-business). A high and statistically significant bivariate correlation implies a strong association of the e-business adoption with relevant composite factors, although it allows no conclusions to be drawn with respect to the relative or joint explanatory power of the composite factors. Multivariate regression analysis therefore follows.
To find the probability that a small Korean firm would adopt e-business, given specific information on factors and environments facing the firm, we estimated the linear probability (OLS) model and the logit model. The logit model, which is estimated by using the non-linear maximum likelihood estimation method, measures the probability, P i , that an SME will adopt e-business, given information about a variety of determining factors:
where Z i ¼ 1 if SME i has adopted e-business and Z i ¼ 0, otherwise; a vector of X i is the set of explanatory variables for determining e-business adoption decisions by SME i. This logit model remedies the limitation of the linear probability model whose predictions may lie outside of the (0, 1) interval for some sets of explanatory variables 9 (Pindyck and Rubinfeld, 1998) .
The results of the estimation are reported in Table 4 . Our models suggest that the important determinants of the adoption of e-business by SMEs in Korea include the CEO's IT/e-business knowledge, relative advantages and benefits, governmental support, globalization strategy and the North Korean factor. The CEO's attitudes toward innovation also showed some evidence of association with e-business adoption decisions by SMEs in Korea. Out of the five groups of characteristics, CEO characteristics show significant coefficients of estimation most consistently. CEO involvement seems to be the key factor in the adoption of e-business by SMEs in Korea. For the successful adoption of e-business, small firms need CEOs who are knowledgeable about IT and e-business and are enthusiastic about adopting technology innovation (DeLone, 1988; Harrison et al., 1997) . This finding is especially relevant to SMEs in Korea, partly because there is usually no 8 The reliability and internal consistency of the composite measures were assessed by calculating the Cronbach alpha coefficients. All the reliability coefficients were larger than or close to the generally accepted guideline of 0.70 (Hair et al., 1995) . 9 We also estimated the probit model, which showed similar results to the logit model reported here. The only difference between the two is that the probit model is associated with the cumulative normal probability function in transformation in order for the estimation of the dependent variable to get predictions inside the (0, 1) interval, while the logit model is based on the cumulative logistic probability function. The logit and probit formulations are quite similar; the only difference is that the logit has slightly fatter tails (Pindyck and Rubinfeld, 1998) . separation between the ownership and management of a firm. 10 CEOs are, therefore, owners of the firm at the same time in most cases of Korean SMEs.
The statistically significant coefficient of the North Korean factor seems to be consistent with the recent observation of increased transactions between small firms in South Korea and North Korea, especially in IT and software industries. 11 The statistically insignificant coefficient of the 1997 financial crisis variable may suggest that SMEs in Korea could not adopt e-business, if not adopted yet, as their strategy for market expansion, or mere survival, during the post-1997 financial crisis period, possibly due to the lack of financial resources and an adverse business environment caused by the 1997 crisis. The industry effect was controlled by including a set of the industry dummy variables. Among them, the dummy for the service industry shows a positive and statistically 
Notes:
The dependent variable is a binary choice of 1 or 0: 1 ¼ adopters of e-business; 0 ¼ non-adopters of e-business. Numbers in parentheses are t-statistics. The prediction ratio is the percentage of cases predicted correctly by the regression estimation. *p < 0.10; **p < 0.05; ***p < 0.01.
significant coefficient, reflecting that the e-business adoption rate is higher in the service industry than in the manufacturing industry.
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The estimation results of the linear probability model and the logit model are very similar. The regressions fit the data relatively well with an R-squared of 0.38-0.39 and 78.4-82.4% of the prediction ratio. The estimation results imply that a firm which has a more IT/e-business knowledgeable CEO, expects significant advantages and benefits from the adoption of e-business, receives large governmental support for e-business, puts more emphasis on a globalization strategy using e-business practices, and anticipates a more active usage of e-business in business transactions with North Korea, will have a higher probability of successfully adopting e-business in its business operation.
V. Conclusion and Policy Implications
This study investigated the major determining factors for the successful adoption of e-business by SMEs in Korea using survey data. After a list of determining factors was identified from the innovation adoption literature and country-specific characteristics of Korea, we conducted empirical tests to extract the determinants and confirm their empirical evidence. The empirical results suggest that the important determinants of the adoption of e-business by SMEs in Korea include the CEO's knowledge of IT/e-business, the relative advantages and benefits from adopting e-business, governmental support for e-business, using e-business as a globalization strategy for market expansion and the North Korean factor. An SME which has a knowledgeable and innovative CEO, appreciates the relative advantages and benefits of implementing e-business, receives significant governmental support, uses e-business as a strategic option for enhancing the degree of globalization of the firm, and foresees e-business as an opportunity for cultivating business opportunities with North Korea, is more likely to successfully adopt e-business in Korea. Business size, the cost of e-business adoption and competitive pressure of the industry do not seem to play an important role in adopting e-business by SMEs in Korea.
Several policy implications can be derived from this study. First, quality human resources appears to be a key element for increasing e-business adoption by SMEs. The role of CEOs, who are well equipped with knowledge and positive attitudes toward innovation, in adopting and expanding e-business by SMEs cannot be overemphasized. 13 Second, promoting awareness of the relevance to and benefits of e-business for SMEs, through information and training programmes, seems very important to enhance e-business adoption by SMEs.
14 Third, the role of government is essential in promoting e-business to SMEs in emerging economies, like Korea. The government is expected to take the initiative in providing infrastructure and subsidies, removing barriers to e-business adoption by SMEs, and facilitating access to information and the global marketplace for SMEs. 15 Finally, e-business seems to have great potential for facilitating business transactions between small and medium sized firms in South Korea and North Korea, despite political uncertainty. The best candidates for an optimal form of joint venture or strategic alliance between SMEs in the two Koreas seem to be the IT industry or e-business sector.
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